Molluscum contagiosum (MC) is diagnosed by its distinct appearance. Parental diagnosis of MC may reduce anxiety and lead to reductions in healthcare consultations, and may be particularly useful in large-scale epidemiological studies. However, there are currently no published, validated tools allowing parental diagnosis of MC.
INTRODUCTION
Molluscum contagiosum (MC) is a common skin condition that affects people of all ages, but is most prominent in children and the immunocompromised, [1] [2] [3] [4] [5] and is one of the 50 most prevalent diseases globally. 6 In children, MC is typically diagnosed in primary care following a clinical examination by a GP. MC typically has a distinct appearance of one or more umbilicated, smooth, fleshcoloured, dome-shaped lesion/s. 7 Unusual and more severe cases may be referred to a dermatologist. 8 Although lesions are generally selflimiting, they can be extensive, cause itching and discomfort for children and anxiety for their parents, can result in scarring, and are sometimes treated with cryotherapy and other destructive modalities. They are also a frequent reason for parents to consult in primary care. In children there is an annual episode incidence rate between 95 and 172 per 10 000 population aged 1 to 14 years. 9 Parents increasingly use the internet to try to diagnose skin lesions such as MC in their children. However, there are no published data on the validity of parental self-assessment. Tools using medical illustrations and text have been developed successfully to allow non-clinicians to screen for psoriasis, 10 and a range of other skin lesions. 11, 12 This study describes the development, using images and text, and validation of the Molluscum Contagiosum Diagnostic Tool for Parents (MCDTP).
METHOD

Development of the diagnostic tool
The development of the MCDTP was in three phases.
Phase 1: Establishing the key visual diagnostic characteristics of MC. Nine dermatologists, acting as key informants, were recruited to participate in semistructured interviews to establish the key visual and descriptive diagnostic characteristics of MC. The results from the interviews were thematically grouped into four categories: history and population, appearance, site, and symptoms. The dermatologists all reviewed a selection of photographs of MC, extracted from the Cardiff and Vale University Health Board medical image library, and four of these were selected as providing a good representation of the key visual features associated with MC lesions.
Phase 2: Generating the text. Data from phase 1 were used to draft text to accompany the images. Semi-structured interviews were then conducted with a lay parent, a school nurse, and a dermatologist specialist nurse, to modify the text to ensure that it was understandable by a lay audience, without changing the meaning.
Background
Molluscum contagiosum (MC) is diagnosed by its distinct appearance. Parental diagnosis of MC may reduce anxiety and lead to reductions in healthcare consultations, and may be particularly useful in large-scale epidemiological studies. However, there are currently no published, validated tools allowing parental diagnosis of MC.
Aim
To develop and validate a tool for parental diagnosis of MC.
Design and setting
The Molluscum Contagiosum Diagnostic Tool for Parents (MCDTP) was developed and its diagnostic accuracy was compared with GP diagnosis in 12 GP surgeries in South Wales.
Method
Following development, which involved three phases with dermatologists, nurses, GPs, and parents, parents completed the MCDTP (index test) in the practice waiting room, and rated their confidence in their diagnosis. A GP then examined their child for MC (reference test). Test characteristics were calculated for all responders and for those who expressed being confident or very confident in their diagnosis.
Results
A total of 203 parents completed the MCDTP. The MCDTP showed a sensitivity of 91.5% (95% confidence intervals (CI) = 81.3 to 97.2) and a specificity of 88.2% (95% CI = 81.8 to 93.0) in all parents and a sensitivity of 95.8% (95% CI = 85.7 to 99.5) and a specificity of 90.9% (95% CI = 83.9 to 95.6) in parents who were confident or very confident in their diagnosis. The positive predictive value was 76.1% (95% CI = 64.5 to 85.4) and negative predictive value was 96.2% (95% CI = 91.4 to 98.8) for all parents.
Phase 3: Piloting the MCDTP. To ensure that the draft of the MCDTP was usable and acceptable, 11 members of a local parent network were asked to review the document and comment on any aspects that were unclear, and to give their views on whether they thought this tool was likely to be acceptable and useful to parents. All parents taking part in this pilot thought that it would be a useful tool, and no concerns or problems were identified. The final MCDTP is shown in Figure 1 .
Validation of the diagnostic tool
Study population. A letter was sent to all general practices within Cardiff and Vale Health Board inviting them to take part in the study; 12 (of 93) practices responded. The aim was to include children aged 1 to 14 years consulting with a participating GP and currently having a skin lesion, as reported by their parent. Children were screened by practice reception staff or a researcher by asking the parent about the child's age and whether they had 'a spot, lump or bump on the skin'. Children were excluded if they currently or had previously had a diagnosis of MC. The parents of eligible children were asked to provide informed consent to participate.
Test methods. Participating parents were asked to use the MCDTP (the index test) in the practice waiting area prior to their consultation with a GP. Once they had determined whether their child had MC or not, they were asked to record this, and how confident they were in their diagnosis on a scale of 'very confident', 'confident', 'a bit confident', or 'not confident', on the form containing the MCDTP. During
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How this fits in
Molluscum contagiosum is a common condition where the presentation, burden, and prognosis are not well described. It is becoming more common for parents to use online descriptions and photographs to make a diagnosis; however, none of these has been measured to compare their accuracy with diagnosis by a clinician. This article describes the development of a tool to aid parental diagnosis of molloscum contagiosum, and demonstrates that it performed well compared with GP diagnosis. The tool is available online and in paper format, and can be promoted for use by parents, used by healthcare professionals, and used for education and training, and recruitment into research studies. the subsequent consultation, a clinical examination of the lesion was performed by their GP (the reference test), who noted a yes/no diagnosis of MC. Index and reference tests were performed on the same day.
Photographs of 20 participants' skin lesions (10% of the total sample) were obtained. Two consultant dermatologists and one further academic GP, with an expertise in dermatology, independently reviewed these photographs to measure agreement between the MC diagnoses given by the reference standard (GP). Photographs were categorised by each independent observer as 'MC positive', 'probably MC', 'probably not MC', or 'MC negative'. For the analysis of inter-observer agreement, the categories 'probably MC' and 'probably not MC' were combined with 'MC positive' and 'MC negative', respectively. Statistical methods. Sensitivity, specificity, positive predictive value, and negative predictive value of the MCDTP diagnosis against the reference test diagnosis were calculated. Inter-rater agreement between GP and consultant dermatologist diagnosis was also calculated. Statistical analysis was performed using Stata (version 12).
RESULTS
Sixty GPs across the 12 practices participated in the study. A total of 203 parents of children aged 1-14 years completed the MCDTP between January and October 2013. Participants were evenly distributed between the sexes (47% were boys, n = 96) and the majority were aged 1-3 years (40%, n = 81) ( Table 1) .
The incidence of MC in this population of children consulting with a GP, and identified by their parent as having a spot, lump or bump on the skin, was 30.5%. The sensitivity, specificity, positive and negative predictive values are given in Table 2 . Data on confidence in their diagnosis were provided by 186 parents, and of these 85% (n = 158) indicated that they were either 'very confident' or 'confident' in the diagnosis of the child's skin lesion. Greater parental confidence in their diagnosis was positively associated with agreement between parental and GP diagnoses (χ 2 = 26.6, degrees of freedom = 3, P<0.005), and the test performance characteristics improved when the analysis was restricted to this group ( Table 2) .
Photographs of lesions were obtained for 20 children; however, one was not of sufficient quality to be used because it was out of focus, and therefore 19 were available for the analysis. Diagnostic agreement was high, with κ statistics ranging from 0.71 between all clinicians and 0.79 between the expert GP and dermatologists (Table 3) .
DISCUSSION Summary
A diagnostic tool was developed for parental diagnosis of MC, and diagnosis by parents using the tool compared well with clinical diagnosis, with a sensitivity and specificity of 95.8% and 90.9% in the 85% of parents (n = 158) who indicated confidence in their diagnosis. The tool was especially good at ruling out MC (a negative predictive value of 96.2% in all patients and 98.0% in those who were confident in their diagnosis).
Strengths and limitations
The development of this tool involved a comprehensive process that involved multiple key stakeholders. In particular, the language used in the tool needed to be e473 British Journal of General Practice, August 2014 understood by a lay audience, as even the most commonly used medical terminology should be carefully explained to parents to avoid confusion. 14 A high level of agreement was found between clinicians, suggesting that the gold standard diagnosis was likely to be accurate. However, diagnosis was not able to be confirmed either histologically or by diagnosis by an expert dermatologist as this would have been expensive, burdensome to patients, and may have discouraged participation. However, high levels of agreement were found between GP diagnosis and the diagnosis made by a panel of experts, suggesting that GP diagnosis is likely to be reliable. The initial design of the MCDTP was also piloted to ensure the instructions and wording of the tool were clear and that it was acceptable to its target population. 15 Sufficient numbers were included to allow a reasonable degree of precision around estimates. There are no data on how likely parents are to respond positively to the screening question 'Does your child have a spot, lump, or bump on the skin?' or the diagnostic accuracy in an unscreened population.
Comparison with existing literature
There are no known studies of tools for assisting parents in making a diagnosis of MC in their children. However, tools to help patients self-diagnose other skin conditions have been evaluated. The Psoriasis Screening Tool was found to have a high sensitivity and specificity of 96.4% (95% confidence intervals (CI) = 93.2 to 98.0) and 97.3% (95% CI = 94.1 to 98.9), respectively, when compared with dermatologist diagnosis. 10 A study exploring the diagnostic accuracy of self-diagnosis of a variety of skin lesions through the use of 12 lesion images and matching them to a correct diagnosis using diagnostic support software found that non-clinicians (n = 23) correctly diagnosed 96% of lesions (231 out of 240). When this was compared with medical students (n = 27) who had recently completed a 2-week dermatology attachment, and did not use diagnostic support software, their diagnostic accuracy was found to be considerably lower, 51% (160 out of 312).
11
Using a standardised questionnaire to measure the presence of skin disease in both a health-seeking (n = 99) and non-healthseeking population (n = 98), it provided a best sensitivity and specificity of 61% and 69% compared with a dermatologist. 16 This instrument was designed to measure presence of skin disease in the population and did not identify specific conditions. Although it has a relatively low accuracy in measuring the presence of a skin condition, the authors noted that further development was required before use in a large epidemiological study.
Overall the agreement between the clinician's diagnosis and reference standard in the current study was substantial to moderate. Previous studies show agreement between a primary care physician's diagnosis of MC and a dermatologist as correct in 100% of cases; 17, 18 however, these were in small studies (n = 8 and n = 3) where each rater saw the patient face to face.
The results of this study show that, although photographs alone can be effective in providing a diagnosis, in 35% of cases this was not alone sufficient to make a definitive diagnosis. It is not known how much of the observed disagreement is related to the photographs, as there may well be disagreement even when both clinicians examine the child. This is similar to other studies of much larger numbers where 20% of dermatologists did not provide a single diagnosis using only photographs, although dermatologists were able to provide a definitive diagnosis in significantly more cases during face-to-face consultations. 19 High levels of diagnostic agreement were found, which are comparable to other studies where agreement ranged between 81% and 89%. 19 Warshaw et al, 20 conducted a systematic review of teledermatology diagnosis agreement between a dermatologist following a faceto-face consultation, and a second using only photographs; this provided a weighted average agreement of 65.3%. In a study where a similar number of patients were assessed (n = 16), the κ coefficient of dermatologist agreement was similar to the British Journal of General Practice, August 2014 e474 Fundingcurrent study data when combining all four clinicians' diagnoses (κ = 0.67), 9 Warshaw et al 20 showed the overall κ coefficient in a number of studies ranging from 0.65 to 0.87.
Implications for research and practice
The main aim of this study was to develop and validate a tool for use in an epidemiological study; and the data suggest that the MCDTP is suitable for this purpose. Although self-diagnosis using pictures and text is common, the validity of this has not previously been assessed. As MC is a self-limiting condition, the MCDTP could be an appropriate screening tool for use by parents in the community. It is available online (www.molluscum-info.com), and healthcare practitioners and organisations are encouraged to promote use of the site and provide a link on their websites. The site could also be used for education and training purposes, and the website and/or paper tool could be used to identify suitable patients for inclusion in studies on MC. Factors such as parent confidence in their diagnosis can be incorporated into epidemiological studies or primary care screening tools if a higher accuracy was required.
